1. Introduction {#sec1}
===============

Severe Acute Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2) is a virus currently affecting the majority of the world in a global pandemic fashion, more commonly known as COVID-19^1^. The virus was recognized as a potential danger in December of 2019, when there were a series of pneumonia cases reported in Wuhan, China.[@bib1] As death tolls due to pneumonia rose within the city of Wuhan, preliminary etiological research was carried out to better understand the virus and its potential risk to society. Research performed by Ji et al.[@bib2] elucidated that the SARS-CoV-2 virus was a chimeric version of a known bat coronavirus, which differed from previous strains of SARS and Middle East Respiratory Syndrome (MERS) coronaviruses, more specifically belonging to the subgenus botulinium of Coronaviridae.[@bib2]^,^[@bib3] Benvenuto et al.[@bib4] recognized that this virus was similar to a strain that had been isolated in 2015 from Chinese chrysanthemum-headed bats.[@bib4] This established the preliminary thoughts that the virus had derived from bats and was ultimately transferred to humans. Support for this theory was further reinforced by multiple studies after sequence homology between SARS-CoV-2 and bat coronaviruses were found to be highly homologous.[@bib1]^,^[@bib5]^,^[@bib6]

Some of the presenting symptoms of COVID-19 patients typically complain of respiratory symptoms. Zhao et al.[@bib7] recognized that the receptor for the virus was the same as that of angiotensin-converting enzyme 2 (ACE2).[@bib7] ACE2 is expressed in the normal alveolar epithelial cells of the lungs. The binding of the COVID-19 virus on the ACE2 receptors can cause a heightened expression of ACE2, ultimately leading to damage to alveolar cells within the lung and the common presentation of shortness of breath. As a result, the damaged alveolar cells can trigger a systemic response within the lungs, leading to more severe systemic reactions.[@bib7] Additional studies revealed that 98% of patients had a fever, of which, 78% had a fever greater than 38° Celsius[@bib8] Other common complaints in patients with COVID-19 coronavirus are coughs, dyspnea, muscle pain, fatigue, fevers, and chills. Patients primarily at risk for death are those that are elderly, immunocompromised, and have chronic medical comorbidities, such as heart conditions, chronic kidney disease, liver disease, chronic lung disease, diabetes, and obesity.[@bib9]^,^[@bib10]

To date, there are no effective vaccines or medical treatment that has been developed to mitigate the spread of the virus.[@bib1] As a result, strategies have been developed to recognize symptoms and attempt to limit spread. Early diagnosis, reporting, and isolation from others have been initiated in a global effort to minimize overall spread. Regardless of the efforts by nations to initiate isolation techniques to "flatten the curve" of coronavirus cases, the virus has continued to spread and overwhelm hospital systems around the world. Within the United States, large cities such as New York City, Chicago, and Seattle have been hit particularly hard and found to be short of critical care resources---though other cities around the United States anticipate a rise in cases over the next few weeks.[@bib11]

As a result, multiple states have issued executive orders prohibiting elective surgery in order to conserve resources for the growing pandemic. For example, in Texas, Governor Greg Abbott issued an executive order stating, "all licensed health care professions and all licensed health care facilities shall postpone all surgeries and procedures that are not immediately medically necessary...".[@bib12] The Texas Medical Board has released a press release echoing Governor Abbott's executive order and has approved an emergency rule to allow the Board to react swiftly, through temporary license suspension, if providers are found violating the executive order.[@bib13] Along similar lines, the United States Surgeon General Jerome Adams recommended that providers "consider stopping elective surgeries" until the coronavirus threat subsides.[@bib14] Given these mandates, this necessarily includes restriction on spine surgery, however, there is likely to be controversy, as to the level of urgency. Spinal surgery is unique, in that, even elective procedures are typically done for neurological symptoms and deficits with compression of neural elements. This makes the term elective more difficult to elucidate. The purpose of this article is to review the literature for varying indications for spine surgery, and help categorize elective, urgent, emergent nature of these indications, in order to give spine surgeons a general framework and guidance of the risks and benefits of proceeding with surgery versus delaying surgery in the setting of COVID-19 pandemic.

2. Emergent spinal surgery {#sec2}
==========================

Neurological compromise dictates the urgency of the procedure. As stated, patients with "progressive or severe neurologic deficits due to neurologic compression from any cause (infection, tumor, fracture, disc herniation) warrants surgical intervention without postponing treatment.[@bib15] Given the catastrophic nature of spinal cord injuries, resulting in motor, sensory, or autonomic deficits, timely intervention is paramount. Furlan et al recommends that early surgical intervention, when safe and feasible, can improve clinical outcomes and reduce overall health care costs.[@bib16] Furlan et al. additionally recommended that early surgical intervention should be considered in all patients, in 8-24 hours, that develop an acute traumatic spinal cord injury.[@bib16] This is the generally accepted treatment protocol for spinal cord injury in the United States and should be continued during the current crisis.[@bib16], [@bib17], [@bib18] Cord compression from infection, tumor, fracture, or disc herniation warrants surgical decompression of the spinal cord in addition to potential realignment and stabilization. Similarly, epidural abscesses causing neurologic deficits warrants emergent surgical intervention. Though the pathogenesis of epidural infection leading to neurological deficits remains somewhat controversial, with direct compression and vascular occlusion by septic thrombophlebitis both as potential causes of pathology, both likely contribute to the notoriously unpredictable clinical course and need for expeditious surgical intervention.[@bib19], [@bib20], [@bib21], [@bib22], [@bib23] Multiple large series have noted that if spinal epidural abscess patients have progressed to complete paralysis for more than 24-48 hours, than the likelihood of recovery is significantly diminished.[@bib19], [@bib24], [@bib25], [@bib26], [@bib27], [@bib28] Finally, postoperative wound infections warrant an emergent surgical intervention. Spinal infections may lead to constitutional symptoms such as fever/chills, and progress to a severe infection with hypotension, confusion, lethargy, and an overall septic clinical picture. Such a presentation immediately warrants intervention and is an absolute indication for emergent irrigation and debridement to prevent further deterioration of the patient.[@bib29], [@bib30] For reasons similar to acute spine trauma, acute cauda equina syndrome leading to progressive neurological deterioration requires emergent surgical intervention during the COVID-19 era.[@bib31] Understanding the financial and economic burden of spinal cord injuries, these acute spinal cord injuries must be dealt with acutely and efficiently.[@bib32], [@bib33] Spinal cord injuries are costly on the healthcare system with costs estimated to be \$9.7 billion annually.[@bib32], [@bib33] If left untreated, these injuries would likely further tax the currently strained healthcare system, particularly during COVID-19 pandemic.[@bib32]

3. Urgent spinal surgery {#sec3}
========================

Cervical or thoracic myelopathy with recent progression should be treated on an "urgent" basis.[@bib15] Others have even recommended that these conditions be considered emergent during the COVID-19 era.[@bib31] The natural history of cervical spondylotic myelopathy is extremely variable, with some patients deteriorating and needing surgery, while others can be followed for years without necessitating surgical intervention.[@bib34], [@bib35] In the COVID-19 era, patients that present with the pattern of rapid deterioration meet the urgent/emergent need for surgical intervention.[@bib15], [@bib31] The exact timing of surgical intervention for myelopathy has not been clearly discerned, though timely surgical intervention is likely to produce an improved outcome.[@bib34], [@bib36] Intractable pain from cervical or lumbar radiculopathy, or progressive fracture related deformity that elicits presentation to the ED and consumption of increased narcotic use should be considered for surgery on a urgent basis. Donnally et al described that acute instrumentation failure, such as screw loosening, pull out, rod fracture, or cage migration should be operated on urgently as well.[@bib31], [@bib37] Spinal infections, such as discitis, osteomyelitis and that fail to respond to medical management should be considered for surgery, as discitis and osteomyelitis may progress into the formation of a compressing spinal epidural abscess or delayed spinal deformity.[@bib38], [@bib39] If medically feasible and safe, patients may benefit from surgical intervention at ambulatory surgical center (ASC) or surgical hospital, as COVID-19 census is likely to be higher at larger hospital facility.[@bib31]

4. Elective spinal surgery {#sec4}
==========================

Spinal conditions where pain and dysfunction can be reasonably managed utilizing conservative management should be done so during the COVID-19 era. Particularly, chronic conditions, degenerative spinal disorders, spinal stenosis or spondylolisthesis without neurologic deficit, and symptomatic implants can all be reasonably managed in an elective fashion.[@bib15] While a complete list of spinal conditions is not feasible, stable fractures without progressive deformity or neurological compromise, stable pseudoarthosis without concern for hardware failure, spinal deformity, spinal stenosis without progressive neurological deterioration, and stable proximal junctional kyphosis or other adjacent level degenerative conditions, should all be managed whenever possible with conservative treatment until resources being utilized to combat the COVID-19 pandemic allow. Compression fractures and odontoid fractures are generally fractures of the elderly, and though have a significant effect on patients, can reliably be managed non-operatively symptomatic control and bracing.[@bib40], [@bib41] These patients are the highest risk for deteriorating due to COVID-19, therefore, minimizing their exposure to the hospital setting is of vital importance during this time period.[@bib9], [@bib10] Though surgical treatment of axial back pain is controversial, no long term outcome typically results from delay in surgery, it is recommended in these patients to continue conservative management whenever possible.[@bib40], [@bib42], [@bib43], [@bib44], [@bib45]

5. Hospital management of the operative patient in the COVID-19 pandemic {#sec5}
========================================================================

Patients with spinal pathology are often times immobile or have limited mobility due to their spinal disorder. As a result, their prolonged bed rest may exacerbate many of their underlying medical comorbidities and making them more susceptible to urinary tract infections, deep vein thrombosis, and pneumonia.[@bib46] This heightened risk, in combination with the propensity for COVID-19 to affect the lungs, makes spinal patients more susceptible to COVID-19 pulmonary infections.[@bib47], [@bib48] Screening of symptomatic patients will continue to be of critical importance in the outpatient and the emergency setting while caring for spine patients during this pandemic crisis.

Providers who care for spine patients should adhere to the strict guidelines proposed and updated by the CDC in use of personal protective equipment (PPE) for the safety of themselves and the patient. Medical staff should utilize N95 masks, eye protection, disposable caps, disposable gloves, disposable shoe covers, and protective clothing.[@bib47], [@bib49] All providers in the clinical setting should strictly uphold distancing from patients whenever feasible along with facemasks for both the patient and provider.

If a COVID-19 negative patient requires surgery, intervention at an ambulatory surgery center (ASC) or facility with minimal COVID census is recommended. If a larger instituion, currently caring for COVID patients, is needed for surgery, the patient should be hospitalized in a separate unit---used only for noninfected patients. Limited, or no, visitors to the hospital may help minimize traffic within the unit and assist with maintaining an uninfected unit. If the patient develops symptoms consistent with COVID-19 infection, they should be tested, and transferred to a separate ward more pertinent to patients with COVID-19 infection for further work-up.[@bib47]

Patients with known, or suspected, COVID-19 infection should be treated with more caution. In this scenario, Zou et al. recommends exhaustion of conservative measures prior to intervening surgically.[@bib47] In the scenario of emergent intervention needed for a positive COVID-19 patient, reducing operative time and exposure for all staff is paramount. Zou et al. recommends (1) the use of minimally invasive surgery and reduced operative time, (2) prone positioning when able to reduce viral transition via respiratory droplets (3) minimize intraoperative body fluid spatter and gentle surgical techniques to minimize spread of patient\'s body fluids (4) Utilize suction devices, intra-operatively, with caution to reduce aerosol diffusion (5) No staff is to enter or leave the operating room during procedure (6) Operative staff should undergo any necessary COVID-19 testing and should undergo isolation if they develop suspicious symptoms.[@bib47]

6. COVID-19 algorithm for spine surgery {#sec6}
=======================================

Hospital administration may also consider establishing a multi-disciplinary committee involving hospital administration, members of the ethics committee, pastoral care, care coordination/social worker, and chosen representatives of the medical staff including heads of surgical subspecialists. The committee can review data available for individual hospital resources and work with section heads to help prioritize surgical cases. The committee will need to consider each case in regards to available hospital resources including current incidence of Covid-19, need for post-operative ICU care, bed availability, blood transfusion needs, post-operative rehabilitation needs, and other factors.

Based on the available literature, the authors have adopted an algorithm for determining the surgical urgency of spine surgery during COVID-19 pandemic ([Fig. 1](#fig1){ref-type="fig"}). The intention of this algorithm is not to encompass all diagnoses and conditions a surgeon may encounter, but provide general guidelines that may assist a multi-disciplinary committee. If the patient necessitates surgery, the next step is to consider the emergent versus urgent versus elective nature of the procedure. If deemed emergent, proceeding with immediate surgery is recommended.Fig. 1Decision-making algorithm for determining urgency of spinal surgery during the COVID-19 Pandemic.Fig. 1

For urgent indications, the identifiable risk factors that might portend a worse outcome in the setting of the setting of the COVID-19 infection should be recognized and weighed against the need for surgery. If the patient\'s individual COVID-19 risk is greater than the risk of delaying surgery, than the procedure should be delayed. In contrast, if the patient\'s surgical pathology outweighs the risk of COVID-19 exposure, than surgery should proceed cautiously.

Case **Examples** (All cases submitted, evaluated, and approved by multi-disciplinary peer-review panel at our institution).Case 1Patient is a 39-year-old male who presents with severe neck and left upper extremity pain. He states that his pain his mainly in his neck but radiates down his left arm with the severity of an 8--10/10 on the pain scale. He was seen in the office and trialed on oral medication and oral steroids. On physical examination, he had a positive left sided Spurling\'s sign with very limited range of motion. He had some weakness evident in his left upper extremity with a 4-/5 triceps, wrist flexion and extension, as well as 4-/5 finger extensors. He complained of numbness in the C7 nerve distribution. XR and MRI were obtained. MRI revealed a large, left C6-7 herniated nucleus pulposis, with kyphosis, and a congenital C2/3 fusion ([Fig. 2](#fig2){ref-type="fig"}a--c). At this time, we attempted conservative measures utilizing physical therapy and epidural steroid injection. He was seen seven weeks later in the office with worsened numbness and worsening weakness of left finger extensors, with continued intractable pain. At this time, we felt this was an urgent, rather than emergent, indication for surgery. It was determined that delay of this surgery would result in further neurological deterioration, potentially causing irreversible neurological damage if delayed. The patient subsequently underwent an uncomplicated C6/7 Anterior Cervical Discectomy and Fusion (ACDF). The patient tolerated the procedure well with immediate improvement in symptoms and significant neurological improvement. The patient was discharged home on same day of surgery, 8 h post-operatively.Fig. 2T2 weighted sagittal MRI of the cervical spine revealing degenerative changes and disc space narrowing at C6/7 with moderate disc osteophyte complexes contributing to a moderate degree of central canal stenosis b) Sagittal MRI cut through Entry zone of the left cervical foramen with severe left neuroforaminal stenosis c) Axial MRI cut through the C6-- C7 Disc space revealing left sided foraminal stenosis.Fig. 2Case 256-year-old female presents in the outpatient clinic setting with persistent low back pain radiating down her bilateral buttock and legs with numbness and paresthesias. Her VAS leg pain was a 10/10 on the left and an 8/10 on the right. Her symptoms started approximately 3 months ago, with progressive worsening without an inciting event. Pain increased at night and with ambulation. She denies any bowel or bladder incontinence or retention but does report saddle anesthesia. Normal motor exam, decreased sensation to pinprick bilateral lower extremity. MRI ([Fig. 3](#fig3){ref-type="fig"}) and CT scan ([Fig. 4](#fig4){ref-type="fig"}) were ordered to better evaluate the pathology revealing a large destructive mass of the sacrum with obliteration of the spinal canal and severe compression of the thecal sac. Patient underwent oncology referral, staging studies including MRI of the cervical and thoracic spine and IR guided biopsy with close observation of her neurological status. Pathology showed giant cell tumor of bone. Patient had consultations with hematology oncology, radiation oncology and orthopedic oncology in an expedited fashion. After multi-disciplinary discussion surgical options were discussed with patient including risk, benefits, morbidity and recurrence rate associated with attempted enbloc resection versus preoperative embolization, intralesional resection of tumor with adjunct intraoperative thermal ablation with post operative adjunct radiation. Given the complexity of the procedure, surgery was performed at a larger academic hospital setting with ICU resources. Case was submitted to a multidisciplinary peer-review panel at our institution and was approved to proceed with surgery in an urgent fashion. Patient underwent preoperative embolization one day prior to surgery. A L5-S4 sacral laminectomy and L4 to pelvis fusion was performed ([Fig. 5](#fig5){ref-type="fig"}) with intraoperative thermal ablation. The patient tolerated the procedure well without complication, was admitted to a regular floor bed post-operatively. Patient had resolution of her preoperative radicular symptoms, maintained neurological function, preserved bowel and bladder function and was discharged home on post-operative day five in stable condition.Fig. 3T2 weighted sagittal MRI of the lumbar spine revealing a large multilobulated destructive mass of the sacrum measuring approximately 8.1 cm in craniocaudal dimension and 8.7 x 3.2 cm transverse dimensions with presacral extension. Obliteration of the spinal canal at the involved levels with significant mass affect contouring the thecal sac S1-2.Fig. 3Fig. 4CT scan shows large expansile lytic destructive mass of the sacrum with lobular extension into the presacral soft tissues.Fig. 4Fig. 5Three month follow-up AP radiograph of the pelvis revealing post operative decompression and lumbopelvic posterior instrumentation from L4-S1.Fig. 5

7. Conclusion {#sec7}
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This is an unprecedented time for health care and spinal surgery across the United States of America. The restriction of spinal surgery during this pandemic will require multiple parties to assist in the care of these patients and aid in the decision-making process. The authors of this manuscript recommend that those decisions are best made at a local hospital level in coordination with a committee of one's surgical peers that utilizes a multidisciplinary panel. Spine patients that present with emergent and urgent conditions will require a more expeditious intervention to minimize future harm and prevention of neurological deterioration. The decision to proceed with urgent, or emergent, spinal surgery during the COVID-19 pandemic must also be analyzed in the context of local conditions and resources. The goal of this paper was to outline a general guide and provide some case examples that may help assist with the triaging of spinal surgery patients during the covid19 era. With the anticipation of multiple waves of cases, their will be a continued need for prioritization of spinal surgery cases. Surgeons need to remain conscientious about local hospital resources, divert surgeries to an outpatient setting whenever feasible, and assist local multi-disciplinary hospital committees in case-by-case decision making in this ever changing environment.
